Subjects read either normal text, text in which the space information between words was absent (either spaces were removed filled with x), or text in which spaces were preserved but the words were flanked by x. In two experiments, reading rate decreased by approx. 50% when space information was not available, suggesting that reading unspaced text is relatively difficult. The removal of space information increased the effect of word frequency on the fixation times for selected target words, indicating that word identification was interfered with by the lack of spaces. In addition, removal of space information influenced the initial landing positions on words, indicating that eye movement control was affected by the absence of spaces. Further analyses were conducted that explored the relationship between these two effects.
INTRODUCTION
The spaces between words in English appear to be important in reading because they serve to visually delimit words in the text and, as a result, appear to aid readers in two different ways (Pollatsek & Rayner, 1982; Rayner & Pollatsek, 1996) . First, spaces appear to be a major aid to word identification by (among other things) making clear where a given word begins and ends. Second, spaces appear to be an aid in guiding eye movements: spaces on either side of the words to the right of the fixated word enhance them as "targets" for an eye movement, thus facilitating the eyes in moving through the text. In spite of the apparent importance of spaces between words in text, however, not all languages use them. For example, written Chinese is merely a string of characters unbroken by spaces and, until recently, by any kind of punctuation. It should be noted, though, that Chinese characters, while not words, are morphemes, so that units of meaning are in fact delimited in a manner roughly equivalent to contemporary written English. In fact, as Epelboim, Booth and Steinman (1994) recently pointed out, English was not always written with spaces between words, indicating that it is possible to read English without any spaces. Epelboim et al. (1994) expanded on this historical observation to make two fairly radical claims about reading: (1) that "unspaced text is relatively easy to read" (p. 1760); and (2) that the spaces between words "are relatively unimportant for guiding reading eye move-*Department of Psychology, University of Massachusetts, Amherst, MA 01003, U.S.A. tTo whom all correspondence should be addressed [Tel: 413 545 2175;
Email: rayner @ psych.umass.edu].
ments" (p. 1760). In their study, subjects read text that was either presented normally or with the spaces between words removed. They found that two of their nine subjects showed little decrement in reading rate (approx. 5%) as a result of spacing being eliminated, whereas the other seven subjects showed decrements ranging between 18 and 52%. This amount of slowdown in reading impressed Epelboim et al. as being relatively minor. This aspect of their study was essentially a replication of an earlier study by Spragins, Lefton, and Fisher (1976) , in which skilled readers read both spaced and unspaced text. In the Spragins et al. (1976) study, reading rate decreased by an average of 48% when the text was unspaced.
Other prior studies attempted to eliminate spacing in a different way: instead of removing the spaces and joining the words together, the spaces between words were replaced by various characters. For example, Pollatsek and Rayner (1982) inserted either letters, digits, or meaningless blob-like gratings between words. The amount of decrement in the unspaced conditions depended on the characteristics of the space fillers, varying from approx. 30% to approx. 50%. A similar finding was reported by Morris, Rayner and Pollatsek (1990) , who also filled the spaces between words with various characters. Finally, Malt and Seamon (1978) found that even with extended practice with space fillers (10 days), reading was considerably slower than when normal text was read. Thus, it seems clear that removing space information in one way or other produces a sizeable decrement in reading, with most studies being reasonably consistent. One reason for the somewhat smaller decrement in the Epelboim et al. (1994) study may be that they employed text that was relatively easy to understand (e.g., newspaper stories), in which context may have aided comprehension. 1129
The second major part of Epelboim and colleagues' (1994) claim, that the spaces between words "are relatively unimportant for guiding reading eye movements", appears to be based on an analysis of the initial landing position on a word (i.e., which letter in a word receives the initial fixation). The data and analyses are complex, but the claim appears to be based on two features of their data: (1) there appeared to be little preference as to which letter within a word was fixated; and (2) the landing position curves (i.e., graphs of the probability of landing on a particular letter position in a word) could be simulated when the eye movement record from one text was superimposed on the pattern of words from a different text--in other words, it appears that the location of fixations within words in their analysis had little to do with the actual text being read. Epelboim and colleagues' (1994) data and conclusions are contrary to prior findings. There are reports from many different laboratories (O'Regan, 1981; McConkie, Kerr, Reddix & Zola, 1988; Rayner, 1979; Rayner, Sereno & Raney, 1996; Vitu, O'Regan & Mittau, 1990) indicating that the location of initial fixations on words is not random: there is a "preferved viewing location" (Rayner, 1979) that is usually a bit to the left of the middle of a word. For example, McConkie et al. (1988) examined initial landing positions on words and found that they were approximately truncated gaussian histograms with peaks to the left of the middle letter of the word. Both the distance of the peak from the center and the spread of the histogram increased the further the prior fixation was from the center of the word. These data suggested that readers were aiming fixations to the middle of a word, but that there was both undershoot and wtriability which increased as the intended saccade got longer. A careful examination of the Epelboim et al. (1994) data indicates that the patterns were not completely random, but that readers also tended to fixate somewhere near the middle of the word. However, their curves do look somewhat flatter than others reported in the literature and thus appear to be not that different from the "'random" simulation.
To summarize, Epelboim el al. (1994) appear to be making fairly radical claims about their data. These claims are based to some extent on undecidable issues, such as what "'relatively easy to read" or "'relatively unimportant for guiding reading eye movements" mean. They are also based, to some extent, on the fact that they obtained i I) a somewhal smaller decrement in reading from eliminating spaces, and (2) somewhat less welldefined landing position data than other researchers. Rayner and Pollatsek (1996) criticized Epelboim and colleagues' (1994) conclusions and argued that their data were actually reasonably consistent with those studies that have indicated that reading unspaced texl is somewhal difficult. In reply to Rayner and Pollatsek's critique, Epelboim, Booth and Steinman (1996) maintained that reading unspaced text is relatively easy and stressed (as they did in their original article) that "word recognition, rather than spaces, guides eye movements" (p. 464).
We (see Pollatsek & Rayner, 1982; Rayner & Pollatsek, 1996) agree that elimination of space information interferes with word identification processes.* Indeed, the real question is whether eliminating spacing has its major effect by interfering with (l) word identification (as claimed by Epelboim et al., 1994; Epelboim et al., 1996) ; (2) the programming of eye movements; or (3) both word identification and eye movement control (as claimed by Rayner & Pollatsek, 1996) . As noted above, experiments by Pollatsek and Rayner (1982) and Morris et al. (1990) attempted to answer this question by varying the kinds of space fillers. However, it is quite difficult to disentangle these factors because the more similar a space filler is to a letter, the more likely it is to disrupt word identification in addition to disrupting eye movement programming. We will defer discussion of this issue until later, but merely comment that Epelboim et al. (1994) appear to be arguing something even more radical: that space information is not an important factor in normal reading and that the basic pattern of eye movements is essentially the same when reading spaced and unspaced text.
Our study has three major components. The first is an attempted replication of the Epelboim et al. experiments using spaced and unspaced text in order to determine the extent to which eliminating spaces interferes with reading, using both sentences and passages of text. The second is the use of critical target words that were matched in length but which varied in frequency in the language. These allow for an assessment of how the lack of spacing affects the identification of words and how this, in turn, affects the behavior of the eyes. The third is the introduction of both additional spaces and xs to flank words in an attempt to separate the effects on word identification from the effects on eye movement control. As the third component is not introduced until Experiment 2. we will defer discussion of it until then.
A few comments about our word frequency manipulation are in order. The basic logic is to examine the interaction of this variable with that of spacing, using a variation of additive factors logic (Sternberg, 1969) . That is, to the extent that lack of spacing increases word frequency eftcots, one can conclude that lack of spacing is interfering with word identification, rather than some more superlicial level of visual processing. Recently, Booth, Epelboim and Steinman (1995) reported a study which used similar logic: subjects read meaningful (coherent) and meaningless (incoherent) texl when spaces were available or eliminated and found that reading was slowed for all of their suhjccts when spaces were not available, hut that the decrement was greater for the incoherent text (about 46%) than the coherent text (about 26c~). From this interaction, they concluded that eliminating spaces largely affects the extraction of meaning from the text.
*At lhe end of tile Discussion section of Pollalsek and Rayner (1982) , when discussing the decrements due to lilling in the spaces between words, we wrote "much of this effect is likely due to disruption of identificalion of the fixated word" (p. 832).
The manipulation used by Booth et al. (1995) , like that used by Epelboim et al. (1994) , however, is only an indirect measure of word identification disruption as the incoherent text is strange in many ways and the goals of the reader when reading such text are unclear. Moreover, Booth et al. (1995) only measured reading rate for subjects reading aloud and eye movements were not monitored. This is problematic for two reasons. First, they had no direct measure of how their manipulation affected eye movements. Second, reading aloud is probably not the best way to study reading in adults, both because it is not the way adults read most of the time and it is significantly slower than reading silently. The fact that Booth et al. observed an interaction does suggest (when people read aloud) that the lack of spacing is interfering with the extraction of some information from the text. However, our manipulation of word frequency allows for a much more diagnostic test of how eliminating spacing interferes with word identification.
EXPERIMENT 1
In Experiment 1, as in the Epelboim et al. (1994) study, subjects read normal and unspaced text. In our experiment, subjects first read a number of single sentences and then read passages of text (both with either spaces present or absent). Reading the sentences first should have given readers some chance to become familiar with reading under unspaced conditions.
In addition to the global manipulation of space information, we also manipulated the frequency of specific target words. That is, for any given sentence, either a high frequency (HF) or low frequency (LF) word was embedded in a target location in the sentence, such that either the HF or LF word was syntactically and semantically acceptable. Word frequency is widely considered to be a major determiner of the ease or difficulty of word identification and lexical access. For example, it takes longer to name LF words than HF words (Balota & Chumbley, 1985) and it takes longer to make a lexical decision response to LF words than to HF words (Chumbley & Balota, 1984) . More relevant for our purposes, readers fixate longer on LF words than HF words (Hy6n~i & Olson, 1995; Inhoff, 1984; Just & Carpenter, 1980; Raney & Rayner, 1995; Rayner, 1977; Rayner & Duffy, 1986; Rayner & Fischer, 1996; Rayner, Sereno, Morris, Schmauder & Clifton, 1989; Vitu, 1991) . By crossing space information (present or absent) with word frequency (HF or LF target word), we hoped to obtain direct evidence concerning the extent to which the absence of space information interferes with word identification.
Method
Subjects. Twelve members of the University of Massachusetts community participated in the experiment either for course credit or for $8. All subjects (1) had normal or corrected vision (soft contact lenses); (2) were native speakers of English; (3) rated themselves as fluent readers; and (4) were naive concerning the purpose of the experiment.
Materials. Two sets of materials were used in this study. First, 80 sentence frames were written such that either a HF or LF noun could be inserted in a target location; half of the subjects read a given sentence frame with a HF target and half with a LF target. For example, a sentence frame with the HF target was "The exhausted student left the train and went to the station."; the LF version had "steward" instead of "student". The average frequency of occurrence in the printed language (Francis & Kucera, 1982) of the HF nouns was 187 per million (range 54-827), whereas the average frequency of the LF nouns was 3 per million (range 1-10). The target words were either 5, 6, 7, 8, or 9 letters long, with equal numbers at each length for both HF and LF words. These target words were of relatively low predictability (all target words were predicted less than 20% of the time in a cloze task) and were matched on both predictability and length (see Rayner & Fischer, 1996 for details). Sentences had a maximal length of 70 characters and thus fit on a single line of the display. Second, six text passages were used. The passages were approx. 100 words long and were too long to fit on the screen. Hence, the first part was presented on the screen and the reader pressed a key when he or she completed reading it and the second (and concluding) part of the passage was then presented on the screen. There was no manipulation of target words in the passages of text. For both stimulus sets, the number of words per line was not affected by the spacing manipulation. Capitalization and punctuation also remained constant across conditions. Apparatus. A Fourward Technologies Dual Purkinje Generation V Eyetracker was used to record subjects' eye movements. Viewing was binocular, but only the fight eye was monitored. The eyetracker has a resolution of 10 min of arc and was interfaced with a 486 computer that sampled the eye position every millisecond. The initiation of a fixation was defined as the point when three consecutive samples each differed from the sample taken 1 msec earlier by less than 1/3 of a character space. The initiation of a saccade was defined as the point when five consecutive samples each differed from the sample taken 5 msec earlier by more than 1/6 of a character space.
The sentences were presented on a ViewSonic 17G monitor with standard VGA characters. The characters were white on a black background and presented in standard upper-and lower-case format. Target words were always located close to the middle of a sentence and thus appeared near the center of the monitor. At the viewing distance used in the study (80cm), three characters equaled 1 deg of visual angle. The brightness of the monitor was adjusted to a comfortable level for each participant and held constant throughout the study.
Procedure. Each subject was tested individually. Upon arriving in the laboratory, a bite bar was prepared that served to eliminate head movements. Subjects were then given instructions for the experiment and a description of the apparatus, followed by an initial calibration of the eyetracker (which took approx. 3 rain). Prior to presenting each sentence, five horizontal calibration boxes were displayed where the sentence would be shown. Each box was square, with a side length of 1/3 of a degree. The subject was instructed to look at each box, ending at the left-most box, which was in the same location as the first letter of the sentences or passages. If the calibration was satisfactory, a dot which moved with the eyes fell within each calibration box; the experimenter then presented the sentence. If the calibration was unsatisfactory, the experimenter recalibrated the eyetracking system.* After reading a sentence or passage, the subject pressed a response key which cleared the monitor screen. Approximately 30% of the sentences were followed by questions about their content, which the subject answered with a yes/no response. Similarly, after each passage was read, a comprehension question was administered. Subjects answered these comprehension questions correctly over 90% of the time.
Design. Each subject first read 80 sentences; half of the sentences had normal spacing and the other half were presented without interword spaces. There were two lists of sentences, each read by half of the subjects. In each list, a different half of the sentences appeared in normal spaced format and unspaced format, and in each list a different half of the target words were either HF or LF so that frequency and spacing were both counterbalanced across individual sentence frames across subjects. Each subject saw the 80 sentences in a different random order. After reading the sentences, the subjects read two sets of three paragraphs; half of the subjects began with three unspaced paragraphs, the other half began with three spaced paragraphs. Each paragraph was used equally often in each of the two interword spacing conditions.
Data analysis. Across all of the trials, approximately 3% of the data was lost due to a track loss. The remaining data were analyzed first with respect to global performance characteristics such as reading rate, average fixation duration, and average saccade size, and then local analyses of eye behavior on the target words were conducted to test specific hypotheses.
Results'
Global analyses. The average reading rates, fixation durations, saccade sizes, and percent of regressions are *Given that the calibration was checked on each trial and that a trial proceeded only if the calibration was perfect, we are quite certain that the spatial accuracy of eye position was very high.
summarized in Table 1 . For the single line sentences, the average reading rates were 261 and 119 words per minute (wpm) with and without spaces, respectively, t(ll)= 12.98, P<0.001, and for the paragraphs, the average reading rates were 283 and 159 wpm with and without spaces, respectively, t(11) = 12.16, P < 0.001. Thus, there were dramatic decrements of 54% and 44% in the reading rates with single sentences and with passages, respectively, as a consequence of the removal of interword spaces. Across individual subjects, the decrements ranged from 35 to 66% for the sentences and from 29 to 56% for the paragraphs. The size of the decrement in reading rate due to the lack of interword spaces was slightly smaller when reading paragraphs than when reading single lines; however, this difference was not significant t(11)=1.57, P=0.14. Moreover, because subjects read the passages after the sentences, it is possible that the somewhat smaller decrement we observed for the passages was merely due to the practice they had in reading the unspaced versions of the sentences.
The average duration of forward fixations, the average size of forward saccades, and the percentage of regressive fixations were all affected by the spacing manipulation. When reading single sentences, the average fixation durations were 253 and 378msec, t(ll)=ll.51, P < 0.001, and were 250 and 325 msec when reading paragraphs, t(l 1)= 3.02, P < 0.02, with and without spaces, respectively. For sentences, the average fi)rward saccade sizes were 7.3 and 4.4 characters, t(11) = 12.19, P < 0.001, and for passages, 7.9 and 4.7 characters, t(11) = 7.03, P < 0.001, with and without spaces, respectively. For sentences, the percentage of regressions was 9.7 and 17.3, t(11)=4.18, P< 0.01, and for passages, 11.2 and 16.4, t(ll)= 4,16, P < 0.01, with and without spaces, respectively. For saccade size and percent of regressions, the decrement in performance due to removing spaces was about equal for sentences and passages, but the increment in average fixation duration was larger for sentences (49%) than for passages (30%), t(11) = 2.57, P < 0.05.
These data clearly demonstrate that both temporal and spatial characteristics of the eyes' behavior were affected by the spacing manipulation. Figure 1 and Fig. 2 show the fixation duration and saccade length frequency distributions for individual subjects for the sentence reading condition. As is evident in these figures, there were clear shifts in the distributions for all the subjects. We take this as evidence that the removal of interword spacing affects 
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I00 200 300 400 500 600 700 ,~00 900 I000 I00 200 300 ,400 500 600 700 800 900 I000 - 10 Spaced  245  248  3  248  281  33  283  324  41  Unspaced  373  376  3  372  380  8  616  739  >123  Average  309  312  3  310  331  21  450  532  82 decisions about both where to move the eyes and when to move the eyes.* Local analyses. In this section, we report findings that pertain to the frequency manipulation of the target nouns that were embedded in identical sentence frames. We report data concerning (1) the duration of the fixation prior to the first fixation on the target word (fixation N -1); (2) the duration of the first fixation on the target word; and (3) the gaze duration on the target word. First fixation duration and gaze duration measures are typically used to infer lexical and semantic processing of a word (Inhoff, 1984; Just & Carpenter, 1980; . First fixation duration is the duration of the first fixation on a word, independent of the number of fixations on the word, before moving to another word. Gaze duration is the sum of the time the reader spends looking at a target word before moving on to another word. (Both first fixation duration and gaze duration are means conditional on the word being fixated.) Both measures were employed in order to more precisely determine the extent to which word identification processes are interfered with when space information is not available to the reader. Critical data from these fixation time analyses are shown in Table 2 .?
Fixation N-1
The duration of the fixation immediately preceding the target word (fixation N-1) was 247 msec when there was spacing and 374msec when there was not, F(1,11)=70.96, P<0.001; however, the duration of fixation N -1 did not differ reliably as a function of the frequency of the target word; the means for the HF and LF targets were 309 and 312 msec, respectively, F < 1. The lack of an effect of the frequency of the target word on fixation N -1 for normally spaced text (245 msec vs 248 msec) is consistent with prior research (Carpenter & Just, 1983; Henderson & Ferreira, 1993) . Moreover, it is interesting to note that there was also no effect of the frequency of word N (373 msec vs 376 msec) even when spaces were missing. This suggests that the frequency of *Individual differences in perforlnance were consistent over the sentence and paragraph tasks. Reading rates in the two tasks correlated highly across subjects, r = 0.70, P < 0.002, with spacing, and r= 0.84, P < 0.001, without spacing, as did the performance decrement in reading rates, r = (l.60, P < 0.05. tin most of our analyses, we used word length as a factor. We are not reporting the effects of this variable, however, both in order to simplify presentation and because this variable was confounded with specific sentence frames and thus the effects are not unambiguous.
word N did not influence the ease with which the reader could decide where word N -1 ended.
First fixation duration on the target word
Turning now to the target word itself, first fixations, averaged across spacing conditions, were longer on LF words (331msec) than on HF words (310msec), F(1,11) = 5.28, P < 0.05, and longer when spaces were absent (376msec) than when they were present (265 msec), F(I,I 1) = 74.01, P < 0.001. Frequency appeared to have a different effect with spaced and unspaced text. When normal spacing was present, there was a 33 msec frequency effect (248 msec for HF and 281msec for LF words), F(1,11)=19.22, P<0.001, consistent with earlier reports of a frequency effect on the duration of the first fixation on a word , whereas there was only an 8 msec effect when spaces were absent (372 msec for HF and 380msec for LF words), F< 1. However, the interaction between frequency and spacing was not significant, F(I,I l) = 2.17, P > 0.10.
Gaze duration on the target word
Gaze durations were 83 msec longer on LF words (532msec) than on HF words (449msec), F(I,11)= 11.17, P<0.01, and 373 msec longer when spaces were absent (677 msec) than when they were present (304 msec), F(1,11) = 99.79, P < 0.001. Of particular interest is the fact that when normal spacing was present the frequency effect was 41 msec (283 msec for HF and 324 msec for LF targets), F(1,11) = 12.61, P < 0.01, whereas when spacing was absent it was 123 msec (616msec for HF and 739msec for LF targets), F(I,I 1) = 7.85, P < 0.02. Although this interaction was only marginally significant, F(1,11) = 3.94, P < 0.08, the fact that it was statistically significant in Experiment 2 indicates that the effect was not due to chance. Thus, the lack of spacing appears to be influencing the process of word identification.
Landing position analyses. This section examines both
(1) whether spacing affected the initial landing position on a word; and (2) the extent to which the frequency and spacing effects on the target words reported above were caused by or modulated by differences in initial landing positions on words.
Initial landing position
Two analyses were conducted. First, the initial landing position in the single line condition was assessed for all 5-9-letter words other than the first and last words on the line, in order to achieve the most robust comparison of differences between spaced and unspaced conditions. Second, the initial landing position and measures conditional on the initial landing position were assessed for the target words. While the latter was a more restricted data set, it allowed for an examination of how frequency and spacing effects interacted. Both statistical analyses were based on the subdivision of all words into five fixation zones* to make observations from words of different lengths comparable (see Vitu et al., 1995; and Rayner & Fischer, 1996 for details). In the first analysis (see Fig. 3 ), the pattern of landing positions was different for spaced and unspaced text, F(4,44) = 8.16, P < 0.001. For spaced text, there was a single-peaked curve, with both linear and quadratic trends being reliable, F(1,11) = 50.81, P < 0.001, F(1,1 l) = 24.76, P < 0.001, respectively. This replicates the standard finding that the "preferred viewing location" is a bit to the left of center of the word. In contrast, for the unspaced text, the curve is simply monotonically decreasing, as indicated by a strong linear trend, F(1,11) = 160.2, P < 0.001, with no hint of a quadratic trend, F < 1. The difference in shape between the two curves was also indicated by significant interactions between spacing and the linear and quadratic trends, F(1,11)=24.01, P < 0.001, F(1,11)= 13.3, P< 0.005, respectively. The same pattern was obtained in the second analysis (i.e., when only the target words were analyzed), but the data were a bit noisier.
Effect of initial landing position on subsequent processing of the target word
Our major focus here is whether the effects reported in the local analyses (specifically those of first fixation duration and gaze duration) were artifacts of the differential patterns of initial landing positions reported above. In all the analyses, the target words were divided into five critical zones. However, because there were few observations in the fifth (rightmost) zone, our analyses only included the first four zones. The data were examined using ANOVAs with initial landing zone, spacing, and frequency as factors.
For first fixation duration, the pattern of data was similar to that of the local analysis above: there were significant main effects of spacing condition and frequency, F(1,11) = 138.37, P < 0.001, and F(I,11) = 10.57, P<0.01, respectively, when initial landing position was controlled. However, the interaction of frequency and spacing was actually in the opposite *Each landing position was converted into one of five zones using Vitu, O'Regan, Inhoff & Topolski's (1995) zoning algorithm: the algorithm normalized landing positions according to the following formula: (initial fixation position-0.5)/word length. The algorithm then recoded the event in terms of five zones of equal size (1/5). ?For gaze duration, the spacing effect was over 200 msec for each landing zone, the frequency effect was at least 40 msec for each zone, and the difference in frequency effect between spaced and unspaced text was at least 55 msec for each zone. direction than in the local analysis reported above, but was not close to being significant (F < 1). Moreover, there was no effect of initial landing position, nor did it interact with either frequency or spacing. Similarly, for gaze duration, the pattern in this analysis was like that of the local analysis above: there were significant main effects of spacing condition and frequency, F(1,11)= 72.35, P<0.001, and F(1,11)=25.25, P<0.001, respectively, and a significant interaction between the two, F(1,11)= 12.38, P<0.01, when initial landing position was controlled. Initial landing position did have an effect on gaze duration (with gaze durations decreasing, the further the initial fixation was into the word), F(3,33) = 4.73, P < 0.01, but there was no significant interaction of landing zone with either of the other two variables.t We also examined the percent of time that a word was refixated in order to explore why gaze durations increased dramatically when spacing was absent. Unsurprisingly, the pattern for refixations mirrored that of the gaze durations. There was a huge difference between the spaced and unspaced conditions in the percent of time a word was refixated (14% vs 64%), F(I,11)= 31.32, P < 0.001, and a huge difference between HF and LF words (28% vs 51%), F(1,11) = 23.29, P < 0.001, as well as an interaction between the two (a smaller frequency difference in the normal spacing condition), F(I,11)= 16.00, P < 0.01. As with the gaze durations, there was a main effect of zone (fewer refixations, the further thc initial fixation was into the word), F(3,33)= 10.64, P < 0.001, but no interaction of zone with any of the other variables was significant. In summary, the spacing and frequency effects we observed on first fixation duration and gaze duration were not artifacts of the initial landing position.
Discussion
Experiment 1 demonstrated a sizeable decrease in reading speed when spaces were not available: a 54% decrease for sentences and a 44% decrease for passages.
This decrease is consistent with Spragins et al. (1976) and somewhat larger than the overall decrease obtained by Epelboim et al. (1994) . Globally, this decrease in reading rate was accompanied by an increase in fixation durations, smaller forward saccades, and more regressive eye movements.
Our analyses of the behavior of the eyes in the target region help to shed some light on how the removal of spaces disrupts the reading process. The fact that there was a larger frequency effect for the gaze duration on the target words with unspaced text demonstrates that the removal of spaces is interfering with word identification. There is also evidence that eye guidance is also disrupted by the lack of spaces, as the initial landing position profile was significantly altered by removing interword spaces. What is somewhat less clear, however, is the reason for the different profile. One possibility is that the lack of spaces did not provide a good target for the saccade onto a word. A second possibility, however, is that the initial landing position on word N was altered by the greater difficulty that the subject was having in processing word N-1. In either case, the lack of spaces appears to produce a substantially different pattern of eye movements. Moreover, the lack of spacing produced a different pattern of subsequent fixations--subjects were more likely to make a refixation on the target word when there were no spaces between the words--and this effect was not produced by the differences in initial landing position between the spaced and unspaced conditions. What is not clear, however, is whether this tendency to refixate is caused by greater difficulty in (1) identifying the target word; (2) programming a refixation; or (3) both.
EXPERIMENT2
While the data of Experiment 1 are consistent with the hypothesis that both eye movement control and word identification processes are interfered with by the absence of space information, more direct evidence was sought in Experiment 2. As a result, three new spacing conditions were added to the normal text condition and the no space condition. These conditions were motivated by an attempt to distinguish between three possible ways in which eliminating spacing could interfere with reading. As indicated earlier, one possible mechanism is that a lack of spacing interferes with eye guidance because the (low-level) physical cue for where a word begins and ends is removed. We would also like to distinguish between two ways in which spacing could interfere with word identification. One, indicated earlier, is that when spaces are removed, there is no direct cue for where words begin and end, and the reader has to "parse" the text into individual words without the use of physical cues. Removing spaces, however, could interfere with word identification in another way. There is evidence (see Bouma, 1973 ) that the initial and final letters of words are easier to process than interior letters because these letters are laterally masked by only one adjacent letter. Removing spaces would remove this advantage and make beginning and end letters harder to see than in normal text. For convenience, we will refer to these three mechanisms as "interference with eye guidance", "interference with word parsing", and "lateral interference" in what follows. We are not assuming that these mechanisms are mutually exclusive, but will assume that they are not interactive in order to simplify exposition. In one of the new conditions, the "filled space" condition (see Table 3 ), the spaces between words were filled in with the letter x. Prior experiments (Pollatsek & Rayner, 1982; Morris et al., 1990) suggested that filling spaces with xs has an effect on reading that is roughly equivalent to eliminating the spaces. A direct comparison of this condition with the no space condition may shed light on the relative importance of the "interference with word parsing" mechanism. That is, in the filled space condition, there are some external cues for where words begin and end (the x), whereas there are none in the no space condition. A marked difference between these conditions would indicate that a major reason that a lack of spaces interferes with reading is that word beginnings and endings are not marked for the word identification process. However, a comparison of these two conditions would say little about eye guidance, as the beginnings and ends of words in both conditions are not marked by an easily processed physical cue.
The second new condition was the "flanker" condition, in which spaces between words were preserved, but each word was flanked by x. A comparison of this condition with the filled space condition should allow a diagnosis of the importance of the eye guidance mechanism. That is, the beginning and ends of words are flanked by x in both the flanker condition and the filled space condition (which should roughly equate lateral interference in the two conditions), but the two conditions should differ in the extent to which eye guidance is interfered with. The fifth condition, the "wide space" condition, was just like normal text, except that words were separated by three spaces. This was introduced as a control for the flanker condition, in case the greater distance between the words in the flanker conditions had an effect independent of the flanking x.
We realize that the above analysis is likely to be oversimplified because no manipulation with text is "pure". First, filling the spaces with x is not a pure control for "word parsing" as the reader may initially process an x as a component of a word. Second, the flanker and filled space conditions may not be equated on the ease of word identification for the reason immediately above and because the degree of lateral interference may not be equal. However, we think that a comparison of these 
Method
Subjects. Ten members of the University of Massachusetts community who were not in Experiment 1 participated in Experiment 2 either for course credit or for $8. All subjects (1) had normal or corrected vision (soft contact lenses); (2) were native speakers of English; (3) rated themselves as fluent readers; and (4) were naive concerning the purpose of the experiment.
Materials.
Only single sentences were used in Experiment 2. The stimulus set from Experiment 1 was augmented by 70 new sentence frames, each having an HF and LF target word. The HF and LF target words, as in Experiment 1, were predictable less than 20% of the time.
The five types of manipulations of interword spaces are illustrated in Table 3 . The first two manipulations were the same as those in Experiment 1: in the normal condition, text was presented with normal spacing, and in the no space condition, each interword space was removed from the text. The remaining three conditions were designed, as indicated above, to assess the relative importance of (a) interference with eye guidance: (b) interference with word parsing; and (c) lateral interterence, in accounting for the difficulty of reading in the no space condition. In the filled space condition, all interword spaces were filled with an x. This should differ from the no space condition because the beginnings and ends of words are marked to some extent lk~r the word identification process. In the flanker condition, interword spaces were preserved but each word was flanked with xs on both sides (see Table 3 ). Thus, the spaces between words were still available, but the reader had to strip the irrelevant flankers fi'om each word prior to word identification (as in the filled space condition). In the wide space condition, each interword space was replaced with three interword spaces to control for the larger distances between words in the flanker condition.
Apparatus and procedure. The same apparatus and procedure were used as in Experiment 1, except for the fact that no passages were read alter the single sentences.
Design. Each subject read 150 sentences, 30 in each of the five conditions. As in Experiment 1, both the spacing condition and the frequency of the target word that appeared in each frame were counterbalanced over subjects. Each subject saw the 150 sentence frames in a different random order.
Results
Global analyses. Reading rates in the five spacing conditions (normal, wide space, flanker, filled space, no space) differed reliably, F(4,36) = 42.3, P < 0.001. Reading rates in the conditions which had both space information and normal lexical information (the normal and wide space conditions) were both over 250 wpm, and were over twice as large as those where spacing information was essentially eliminated (the filled space and no space conditions); the reading rate in the flanker condition was somewhat faster than when there were no spaces or filled spaces (see Table 4 ). Post-hoe tests revealed that the normal and wide space conditions did not differ from each other, but were reliably faster than the other three conditions (Ps < 0.01) and the flanker condition was reliably faster than the no space and filled space conditions (Ps < 0.05). The decrement in reading rate in the no space condition (compared with the normal condition) was 58%, or roughly the same as in the single sentence condition of Experiment 1.
The pattern of the average fixation durations across the spacing conditions mirrored that lk)und in the reading times, F(4,36) = 108.7, P < 0.001. As seen in Table 4 , the conditions in which space inlormation was missing (filled space and no space) produced mean lixation durations which were approx. 100 msec longer than the normal and wide space conditions; again, the flanker condition was intermediate, with fixation durations approx. 50 msec longer than the normal spacing condition. All pairwise contrasts which were significant in the reading rates were reliable.
A comparison of average saccade sizes revealed that thc spacing conditions differed reliably,/:'(4,36) = 77.67, P < 0.001 (see Table 5 ). All conditions differed reliably from each other except for the no space and filled space conditions. Because the texts were differentially "spread", however, it is difficult to interpret the differences on this measure. Among other things, it is an average of saccades between words (which arc probably the best index of eye guidance due to spacing) and saccades within words (which might be largely an index of lexical processing difficulty). The analyses of saccadic behavior in the region of the target words that follow are a more diagnostic assessment of how saccades are affected by the spacing manipulations.
A comparison of the percentage of eye movements that were regressions indicated that the spacing conditions differed from each other, F(4,36)= 15.62, P < 0.001. As seen in Table 4 , the regression pattern again roughly Normal spacing  224  229  5  251  291  40  284  351  67  Wide spacing  206  221  15  236  281  45  258  340  82  Flanker  302  283  -19  331  385  54  444  542  98  Filled space  330  347  17  322  380  58  561  798  237  No space  319  328  9  342  377  35  606  839  233  Average  276  281  5  296  343  47  431  574  143 mirrors the reading rate data. Pairwise comparisons indicated that there were significantly more regressions in the no space condition than all the other conditions and significantly more regressions in the filled space condition than either the normal or wide space conditions. To summarize, removing spaces either by joining words together or by replacing the spaces by xs appeared to have about the same global effect on reading. Adding extra spaces between words appeared to have only a minor (and not statistically significant) decrement on reading. The flanker condition appears to be intermediate. Average saccade sizes and fixation durations both appear to be affected by adding flanker x, even though spaces between words were preserved.
Local analyses. As in Experiment 1, we investigated the effect of spacing on eye behavior in the region around the target word. This included an analysis of the duration of the fixation prior to fixating the target word (fixation N -1), the first fixation duration on the target word, and the gaze duration on the target word. In both Experiment 1 and 2, fixations on spaces and/or xs around the target word are not included in the fixation time measures on the target word. In addition, we analyzed saccade sizes in the target region.
Fixation N-1
The chief interest in this measure was whether there was a frequency effect on the fixation before the target word. Averaged over the five spacing conditions, there was only a 5 msec frequency effect (F < 1). Hence, as in Experiment 1, the frequency of the target word had no effect on the duration of fixation N -1. As in Experiment 1, there was a main effect of spacing condition, F(4,36) = 51.35, P < 0.001, with the fixation durations in the conditions most like normal text (the normal and wide space conditions) being about 100 msec shorter than the fixation durations in the other three conditions (see Table 5 ).
First fixation duration on the target word
As seen in Table 5 , there were clear differences among the spacing conditions for the first fixation duration on the target word, F(4,36) = 23.26, P < 0.001, with mean first fixation durations of 271, 258, 358, 351 , and 360 msec in the normal, wide space, flanker, filled space, and no space conditions, respectively. The pattern, however, is different from the global analyses in that first fixation durations in the flanker condition were about as long as in the no space and filled space conditions; first fixation durations in all three of these conditions were significantly longer than in the normal and wide space conditions. This suggests that the first fixation duration may be primarily determined by the discriminability of the initial letters of the word, which should have been disrupted by lateral interference in the no space, filled space, and flanker conditions. There was a 47 msec frequency effect on first fixation duration (296 msec vs 343 msec), and as seen in Table 5 , the size of this effect was approximately the same in all conditions; (F < 1 for the interaction between frequency and condition). Thus, the apparent interaction we observed in Experiment 1, where the frequency effect on first fixation duration almost went away in the no space condition, may not have been a real effect.
Gaze duration on the target word
Gaze durations varied as a function of spacing condition, F(4,36) = 23.16, P < 0.001; average gaze durations were 318, 299, 493, 679, and 722 msec in the normal, wide space, flanker, filled space, and no space conditions, respectively. Post-hoc tests showed no reliable differences between the normal and wide space conditions nor between the no space and filled space conditions, whereas all remaining pairwise comparisons were significant. The main effect of the frequency of the target word on gaze durations was also reliable, F(1,9) = 23.91, P < 0.001. Average gaze durations were 431 msec and 574 msec for HF and LF target words, respectively. The interaction between target frequency and spacing condition was significant, F(4,36)=4.16, P < 0.01. The word frequency effect was over 200 msec in the two conditions that did not have any interword spaces (the no space and filled space conditions), whereas it was less than 100 msec in the remaining conditions (see Table 5 ). The latter result essentially replicates Experiment 1.
The gaze duration data have quite a different pattern than the first fixation duration data, in that the flanker condition was markedly faster than the filled space and no space conditions and was much less affected by frequency than those two conditions. This suggests that later processing of the target word is significantly aided by the presence of spaces. Because the end of words in the flanker condition are also laterally masked by an x as in the other two conditions, it suggests that at least part of the increase in gaze duration when spacing is absent is the result of readers being able to guide their eyes more efficiently when they refixate words.
Size of saccades in target region
We also examined the length of saccades entering, leaving, and within the target word (see Table 6 ) to determine whether the differences in saccade size among conditions could merely be accounted for by a global adjustment of saccade length. For all of these analyses, the beginning of the target word was defined as the first "real" (i.e., non-x character of the target word and the end of the target word was defined as the last "real" character). As with the landing position analyses (see below), these were averaged over target word length and frequency. Here, the saccade lengths are in absolute units (character spaces), because attempting to adjust for the length of the target word would be difficult to interpret.
First consider the sizes of forward and backward saccades within words. As seen in Table 6 , the length of saccades within words was surprisingly similar across all spacing conditions, with no significant differences. Moreover, the wide space and no space conditions had virtually identical average within-word saccade lengths, even though they were the conditions with the shortest and longest overall mean saccade length (a ratio of about 1.8 to 1--see Table 4 ). Hence, there is no evidence for global control of saccade length because if the differences in saccade length between conditions was merely modulated by an overall gain control, the saccade length within words should have been appreciably different in the two conditions. In fact, it is quite surprising that the mean within-word saccade lengths are so similar in all of the conditions given that there are many more refixations in the no space and filled space conditions (i.e., four times as many as in the normal and wide space conditions). Thus, it appears that the typical pattern in nmltiple fixations is not inching slowly forward through the word, but going back and forth from the beginning to the end of the word. When we examined regressive saccades within the target words, the size of regressive saccades was larger for the normal condition. This may be because almost all the refixations in easy reading conditions are on longer words. We are not sure why the same pattern was not observed for the wide space condition.
In contrast, the pattern is quite different for tbrward saccades entering and leaving the target word. Here the saccade lengths were quite different in the five conditions (see Table 6 ). For leaving and entering the target word, the pattern of saccade lengths is qualitatively the same, with the no space and filled space conditions having the shortest saccade sizes, the flanker and normal conditions intermediate saccade sizes, and the wide space condition having the largest saccade size. For each of the two measures, all pairwise differences were significant except the differences between the no space and filled space conditions and the normal and flanker conditions. In some ways, it is difficult to compare conditions because of differential spacing between words, but the clearest comparison appears to be between the normal and filled space conditions. Here, the prior word and next word are equally distant (in character spaces) from the fixated word; yet the saccades into the word in the normal condition were 2.1 character spaces longer and the saccades out of the word were 2.6 character spaces longer. Thus, it appears that the absence of space information is severely affecting the length of interword saccades in the filled space condition.
The other two conditions in which the "real" text material was equally spaced--the wide space and flanker conditions--also clearly have interword saccades of different lengths (the differences are about 1.5 character spaces for saccades both in and out of the target word). This could mean that the greater difficulty in lexical processing in the flanker condition affected interword saccades in this condition. Another possibility is that the word boundary information is different in the two conditions. That is, if the intended target for an interword saccade is the center of the word, the landing position would depend on how this computation is done in the visual system. If the word beginning information is weighted more heavily in this computation than the word ending information, one might expect the flanker condition to have shorter saccades as the word beginning (including the flanker) is in a different place than in the wide space condition. To summarize, explaining the pattern of saccade lengths is complex. However, the analysis rules out a model in which the only factor controlling saccade lengths is a global "gain control" that varies from condition to condition.
The analyses of the length of the saccades into the target word also indicate that it is unlikely that our observed differences in gaze duration on the target words are caused by differences in where fixation N -1 was. That is, in general, the further fixation N-1 is from a target word, the less information about the target word that is extracted on this fixation. Thus, the farther fixation N I is from the target word, one would expect (all else 0.4 Landing Zone being equal) a longer gaze duration on the target word. However, as can be seen in Table 6 , saccades into the target word are appreciably shorter in the no space and filled space conditions than the others, indicating that they are actually, if anything, closer to the target word on fixation N -1 than in the normal reading condition. (The difference in mean landing position between the conditions is only about half a character.) This difference in distance of fixation N -1 from the target word, however, may explain the small differences in gaze duration observed between the normal and wide spaced conditions.
Landing position analyses. As in Experiment !, there were two analyses. In the first, all words of between 5 and 9 letters (excluding the initial and final word on a line) were divided into five regions, so as to enable cumulating data over words of different lengths.* A second analysis was done only on the target words. The latter analyses, though on a smaller data set, allowed an examination of frequency effects. In both analyses, the pattern was the same; however, the more global analysis is presented in Fig. 4 . There were differences among the *These analyses (and those in Experiment 1) did not include fixations on the spaces (or x) in the target word region. In Experiment 2, we also examined the percentage of fixations that were on the space immediately preceding the target word. Across all the conditions, the probability of a fixation landing on the space was only slightly less than what would be expected by chance; however, the landing position analyses make clear that the pattern of saccade locations in the target word region is far from random. tAn anomaly in the data was that the pattern for the normal text condition was approximately the same as the filled space and no space conditions. We do not understand why this was the case; it not only differed from Experiment 1, but from numerous landing position analyses in the literature done on normal text (O'Regan, 1981; McConkie et al., 1988; Rayner, 1979; . Thus, we will assume that the anomalous pattern in the normally spaced condition in Experiment 2 was a result of chance error.
spacing conditions, as indicated by a significant spacing by landing position interaction, F(16,144) = 2.47, P < 0.01. As can be seen in Fig. 4 , the wide space and flanker conditions exhibited the same single-peaked shape as the normal text condition in Experiment 1 and the filled space and no space condition showed the same monotonic function as the no space condition in Experiment 1.t To try to assess the overall interaction more diagnostically, several planned trend analyses were performed on the initial landing position data in which we averaged the normal and wide space conditions (the "good" conditions) and the filled space and no space conditions (the "bad" conditions). First, the "good", the flanker, and the "bad" conditions all showed significant decreasing linear trends over initial landing zone, F(1,9) = 61.85, F(1,9)=38.07, and F(1,9)=132.0, respectively, all Ps < 0.001. In contrast, whereas the "good" conditions showed a significant quadratic trend, F(I,9)= 13.92, P < 0.01, and the flanker condition showed a marginal quadratic trend, F(1,9)=3.92, P<0.10, the "bad" conditions showed no quadratic trend (F < 1). When the "good" and "bad" conditions were compared, the differences between linear and quadratic trends in initial landing position were both significant, F(I,9)= 10.50, P < 0.01, and F(1,9) = 8.29, P < 0.05, respectively, documenting the change of shape from monotonically decreasing to single-peaked. When the flanker condition was compared with the "bad" conditions, the results were only suggestive, with a marginally significant difference in quadratic trend, F(1,9) = 4.00, P < 0.10.
To summarize, Experiment 2 replicated the pattern of landing positions observed in Experiment 1 (with the strange exception of the normal condition in Experiment 2). That is, when spaces were present, the preferred landing position tended to be a bit to the left of the middle of the word, whereas when there were no spaces present, the preferred landing position tended to be at the beginning of the word.
Effect of initial landing position on subsequent processing of the target word
As in Experiment 1, our major focus was whether the first fixation and gaze duration effects reported in the local analyses were artifacts of differential patterns of initial landing positions. As in Experiment 1, the target words were divided into five critical zones, but because there were few observations in the fifth (rightmost) zone, our analyses only included the first four. The data were examined using ANOVAs with initial landing zone, spacing condition, and frequency as factors.
For first fixation duration, the pattern of data was similar to that of the local analysis above: there were significant main effects of spacing condition and frequency, F(4,36)=28.39, P<0.001, and F(I,9)= 80.11, P<0.001, respectively, when initial landing position was controlled. Unlike the local analysis above, the interaction of frequency and spacing was significant, F(4,36) = 2.68, P < 0.05, reflecting the ['act that the frequency effect was smaller in the no space condition than the other conditions. As in Experiment 1, there was no main effect of initial landing position, but unlike Experiment 1, it interacted with the other variables; however, almost all the interactions seemed to be the result of one anomalous mean in one of the zone 4 conditions (which was based on few data points).
For gaze duration, the pattern in this analysis was similar to that of the local analysis above: there were significant main effects of spacing condition and frequency, F(4,36)=24.66, P<0.001, and F(1,9)= 67.78, P<0.001, respectively, when initial landing position was controlled. Although the interaction between the two was not significant, F(1,9)= 1.67, P < 0.20, the pattern of data was virtually the same as in the local analysis above: the frequency effects were 66, 99, 105, 172 and 182 msec in the wide space, normal, flanker, filled space, and no space conditions, respectively. A planned comparison of the average of the no space and filled space conditions with the average of the normal and wide space conditions yielded a significant interaction of frequency with spacing, F(I,9)= 8.04, P < 0.05. Initial landing position did have an effect on gaze duration (with gaze durations decreasing, the further the initial fixation was into the word), F(3,27)=5.91, P < 0.01. There was also a significant interaction of zone with spacing condition that also largely seemed to be due to the zone 4 data, F(12,108) = 2.09, P < 0.05, and was not clearly interpretable: the decrease in gaze duration as initial landing position moved rightward was much greater for the no space condition than any of the other conditions.
The pattern for the percent of time the word was refixated mirrored that of the gaze durations. There were large differences between spacing conditions in the percent of time a word was refixated (19, 12, 31, 41 and 38%, for the normal, wide space, flanker, filled space and no space conditions, respectively), F(4,36)= 12.29, P < 0.001, and a difference between HF and LF words (23% vs 33%) as well, F(I,9) = 53.10, P < 0.001. Unlike Experiment 1, there was no interaction between frequency and spacing condition (F < 1). As with the gaze durations, there was a main effect of initial landing position (fewer refixations, the further the initial fixation was into the word), F(3,27)= 15.43, P < 0.001, and a significant interaction of condition by zone, F(12,108) = 1.90, P < 0.05, that mirrored the pattern in the gaze duration data above. In sum, as in Experiment l, the spacing and frequency effects we observed on first fixation duration and gaze duration were not artifacts of the initial landing position.
GENERAL DISCUSSION
The intention of the present experiments was to assess the role of spaces between words in reading English text. Both experiments demonstrated that removing spaces had a considerable effect on reading, decreasing reading rate roughly by 40% when paragraphs were read and over 50% when individual sentences were read. These data are consistent with several other findings in the literature (Malt & Seamon, 1978; Morris et al., 1990; Pollatsek & Rayner, 1982; Spragins et al., 1976) . They appear to be inconsistent with the claims of Epelboim et al. (1994 Epelboim et al. ( , 1996 that lack of spacing has a relatively minor effect on reading, although as indicated in the introduction, the data from most of their subjects showed a decrease in reading rate comparable with the other studies. Interestingly, Kohsom and Gobet (1997) recently reported that when native readers of Thai (which is printed without space information) read spaced text, their reading rate was actually faster than when there was no space information. This finding is quite amazing in light of the fact that they had not previously encountered Thai text with space information, and indicates that the facilitative effect of space information is not merely due to the familiarity of spaced text. Similarly, lnhoff, Radach and Heller (1996) reported that the reading of German is facilitated by inserting spaces between the components of long compound words, even though this format is ungrammatical and is never encountered in normal reading.
Although the removal of space information has a major impact on reading, it is not easy to resolve the question of why the loss of space information has such a large impact on reading rate. As outlined earlier, there are three obvious potential causes (not mutually exclusive or exhaustive). First, removal of space information potentially makes it more difficult to determine where words begin and end and thus interferes with the identification of words. Second, removal of space information makes beginning and end letters of words more difficult to process because of lateral interference. Third, removal of space information makes it more difficult to compute both where the "present word" is and where the "next word" is and thus potentially interferes with the computation of both within-word and between-word saccadic programming. Our data do not allow for a completely unambiguous assessment of these three factors. However, they appear to rule out a model of eye guidance in reading put forward by Epelboim et al. (1994) . This model is a version of what may be termed a "global control" model (see Rayner & McConkie, 1976; Rayner & Pollatsek, 1981 for further discussion). In such a model, there are no decisions about the moment-to-moment size of saccades. Instead, the reader essentially sets a "gain control" based on the expected difficulty of the upcoming text. Each individual forward saccade would then have this mean value plus or minus some random error. We think the literature on reading already indicates this hypothesis is false. Among other things, readers skip words more often (i.e., make longer saccades) if words are highly predictable (Balota, Pollatsek & Rayner, 1985; Ehrlich & Rayner, 1981; O'Regan, 1979; Rayner & Well, 1996) , even when the length of the predictable and unpredictable words (and the rest of the sentence frame) is held constant. This kind of finding appears to be incompatible with a global control model.
The present experiments offer some additional evidence. First, they replicate earlier findings (McConkie et al., 1988; O'Regan, 1981; Rayner, 1979; Rayner & Fischer, 1996; Vitu et al., 1990; Vitu et al., 1995) that there are consistent patterns for where readers land on words. Moreover, this pattern changes when the spacing conditions change: when there is space information, readers tend to land a bit to the left of the middle of the word, whereas when space information is effectively removed, they tend to land at the beginning of the word. In addition, because the "normal" landing pattern was observed in the flanker condition (in which word identification was significantly disrupted), it is unlikely that the disruption of the pattern of initial landing position observed in the no space and filled space conditions was due to processing difficulties on word N-1. Finally, there appears to be a disconnection between the effect of spacing on intraword and interword saccades. Removal of space information had little or no effect on the length of saccades within words but had a dramatic effect on the length of saccades between words.
These data clearly indicate that a global control model cannot be correct. They also suggest that both greater difficulty with word identification and greater difficulty in planning saccades are responsible for the difficulty readers have when space information is removed. While these effects are difficult to disentangle because difficulty with word identification affects the pattern of eye movements and vice versa, our data do allow us to draw some conclusions.
First, let us consider word identification. Our analyses of fixation times on the target word indicate that word identification is slowed down by the lack of space information. If the lack of space information merely caused greater confusion about where to fixate, the gaze duration on the target word should be lengthened by a constant amount regardless of its frequency in the language. Instead, gaze durations were lengthened substantially more for LF words, which strongly indicates that the lack of space information was interfering with word identification. There was also a suggestion in the first experiment, but only replicated in the landing zone analysis in the second experiment, that word identification was slowed enough in the no space condition so that it had little or no effect on the duration of the first fixation on the target word (i.e., there was little or no word frequency effect).
In addition, our data suggest that knowing where words begin and end may have only a minor effect on reading. That is, reading in the filled space condition (where x marked the beginnings and ends of words) was just about as difficult as in the no space condition. Moreover, for first fixation duration, the flanker condition was almost as bad as the no space and filled space conditions. This suggests that lateral masking of the initial letters may be a major reason why word identification is initially inhibited when spaces are filled. On the other hand, the fact that the gaze durations on the target words were appreciably shorter in the flanker condition than in the no space and filled space conditions (even though the duration of the initial fixation and the probability of making at least one refixation were about equal in all three conditions) suggests that eye movement control factors interact with lexical factors. That is, the presence of spaces in the flanker condition decreases the amount of time spent on the target word after the first fixation, which, in some sense, means that the process of refixation is more efficient. In addition, the lack of space information also seems to be having an effect on word identification because the pattern of initial landing positions is different when space information is absent. When spaces are present, readers manage to move closer to the middle of the word on their first fixation, which is closer to a preferred (Rayner, 1979) or optimal viewing location (O'Regan, 1992) .
We think it is likely, however, that interference with word identification is the larger contributor to the slower reading in the unspaced conditions (see Rayner & Pollatsek, 1996) . This conclusion is consistent with conclusions drawn from our earlier experiments using various space-filling manipulations and contingent display changes (Morris et al., 1990; Pollatsek & Rayner, 1982) and with the conclusions of Epelboim et al. (1994, 1996) . However, both our earlier experiments and the present data indicate that withdrawing space information interferes with saccadic computations directly rather than affecting a global gain control. Moreover, our present landing position data (consistent with many other studies) are only one indication that the pattern of eye movements in reading is not random. Instead, the reader extracts information on each fixation which influences the duration of those fixations and the direction and length of the saccades that terminate those fixations (Rayner & Pollatsek, 1981) .
